The reaction of bis(lithiomethyl-methylamino)methane with di t butylaluminium chloride leads to the formation of 3,3,6,6-tetra-t butyl-1,4-dimethyl-3,6-dialumina-1,4-diaza-norbornane by simultaneous formation of two metal-carbon and two metal nitrogen bonds accompanied by two ring closure reactions. The compound was identified by an NMR analysis ( 1 H, 13 C, 27 Al) and by determination of its crystal structure. Despite the high steric demand of the t butyl groups, the norbornane-basket structure is favoured over potential isomers containing three-membered rings and over polymeric aggregation. The crystal structure of tri( t butyl)aluminium has been determined. t Bu 3 Al crystallizes as a monomer, with the molecules interconnected by weak secondary Al···C contacts (2.95Å) leading to a slight deviation of the AlC 3 units from a planar coordination geometry at the Al atoms.
Introduction
We have recently reported the first synthesis of compounds with saturated Al-C-N and Ga-C-N linkages [1, 2] , which we studied in the course of our attempt to understand the fundamentals of systems with donor and acceptor centres in geminal positions. These investigations revealed different types of aggregation, either intramolecular with formation of threemembered ring systems as in compounds containing BCN [3] , BNN [4] , AlCN [5] and AlNN [6] but also SiON [7] , GeON [8] and SnON [9] 2 ] (E = Al, Ga, In) [13] . Compounds which contain two ECN functions joined by a common bridging unit were also studied. The compounds [Me 2 ECH 2 N(Me)] 2 CH 2 (E = Al, Ga) were found to be intramolecularly aggregated into heteronorbornane systems (Scheme 1 C). Three modes of aggregation of these systems are depicted in 0932-0776 / 04 / 0300-0269 $ 06.00 c 2004 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com Scheme 1. Scheme 1. These are two three-membered rings (A), six-membered rings in either polymeric arrays (C) or in the above mentioned norbornane-like structure (B). The question arose, whether it is possible to change the mode of aggregation by increasing the sterical requirement of the substituents at the metal atoms by replacing the metal bound methyl groups by the more bulky t butyl groups.
Results

Synthesis and structure of a t butyl substituted dialumina-diaza-norbornane
For the synthesis of the 2,5-di t butyl-3,6-dimethyl-2,5-dialumina-3,6-diaza-norbornane we reacted a sus- 13 C and 27 Al NMR spectroscopy and by single crystal X-ray crystallography. In the proton NMR spectra the patterns typical of norbornane units are observed: two sets of signals for the two non-equivalent geminal t butyl groups at the aluminium atom and the geminal hydrogen atoms of the methylene units connecting the Al and N atoms. The 27 Al NMR spectrum contains a single broad signal at 158 ppm with a half width of 4550 Hz, which is typical for a four-coordinate Al atom in an organoaluminium compound with a nitrogen donor substituent.
A crystal suitable for X-ray diffraction was obtained by cooling a hexane solution of 1. This crystal belongs to the polar trigonal space group P3 2 21. The molecules in the crystal have C 2 symmetry (with the C 2 axis passing through the aminal carbon atom), and are thus chiral. The investigated crystal was a racemic twin.
As 1 adopts the same type of intramolecular aggregation as the two heteronorbornanes [Me 2 ECH 2 N(Me)] 2 CH 2 (E = Al, Ga) [1] which bear methyl instead of t butyl groups at the metal atoms, it becomes clear that this increase of steric bulk was not sufficient to change the type of aggregation in 1.
Compound 1 can be described as consisting of a sixmembered Al 2 C 2 N 2 ring in boat conformation, with the two N atoms at the bow and stern positions of the boat bridged by a methylene unit. This leads to small endocyclic angles at the aluminium atoms [84.1 (1) • ] and wider angles at the methylene groups in the sixmembered ring [107.8 (1) • ] relative to the hydrocarbon norbornane, which has C-C-C angles at the methylene groups of 102.7
• in its six-membered rings [15] . These small angles at the Al atoms lead to a strongly distorted tetrahedral coordination geometry. This is also manifest from the C(10)-Al-C(20) angle enclosed by The dative bonds Al-N' at 2.044(2)Å are slightly shorter than the Al-N bond in Me 3 Al←NMe 3 at 2.099(10)Å [16] , while the Al-C bonds to the t butyl groups are 2.035(2)Å and thus 0.032 longer than the average Al-C bond length in tri( t butyl)aluminium at 2.003Å (see below). It should be noted that in all the discussed structural parameters the trends are very similar to those in the methyl analogue, [Me 2 AlCH 2 N(Me)] 2 CH 2 .
Crystal structure of tri( t butyl)aluminium
For the purpose of comparison we determined the crystal structure of tri( t butyl)aluminium. Despite of its wide application in organoaluminium chemistry [17] and its use in the preparation and structural analysis of many Lewis acid-base adducts [18] , the crystal structure of this compound has not been reported. References to the aggregation and structures of other aluminium alkyls with bulky substituents can be found in the textbook literature [19] , with a statement that AlMe 3 , AlEt 3 , Al( n Pr) 3 and Al( i Bu) 3 [21] . Al( t Bu) 3 crystallizes in the monoclinic space group P2 1 /n. The investigated crystal was a trilling. The twinning arises owing to the cell dimensions with a and b being almost equal and β close to 120
• . There are two independent molecules of Al( t Bu) 3 in the asymmetric unit. The molecules have a narrow distribution of Al-C bond lengths between 1.988(4) and 2.014(4)Å.
The molecules deviate substantially from C 3V symmetry (Fig. 2) . This is due to the distorted coordination geometry of the aluminium atoms, which is nonplanar, as indicated by the sum of angles at these atoms [355.9
• at Al (1) mids. The geometry of the t butyl groups is also substantially distorted with three different Al-C-C angles and three different C-C bond lengths for each group (see Table 1 ).
The aluminium atoms are involved in a type of weak secondary bonding towards methyl groups of neighbour molecules (Fig. 3 ) the contacts being formed on the top side of the shallow AlC 3 pyramids. These Al··· C contacts are 2.962(4) and 2.932(4)Å for Al (1) and Al(2), respectively, and thus much shorter than the secondary contacts in GaMe 3 or GaEt 3 [22] , which show a related pattern of secondary Ga··· C bonds. The Al··· C contacts lead to the formation of a pseudopolymeric chain aggregate of Al( t Bu) 3 molecules.
In Al(CH 2 Ph) 3 [20] there are also secondary bonds but these are of a different type and involve Al··· C contacts to phenyl-carbon (sp 2 [21] are so well shielded that there are no secondary contacts, not even of an intramolecular nature.
The steric bulk of three t Bu groups makes a dimerization of Al( t Bu) 3 impossible, but with only two of them in an Al( t Bu) 2 unit, the formation of norbornane type heterocyclic systems is observed by intermolecular aggregation as demonstrated for compound 1.
Experimental Section
Preparation of 1 A solution of di-t butylaluminium chloride (0.495 g, 2.5 mmol) in 25 ml of hexane was added to a suspension of bis[(lithiomethyl)(methyl)amino]methane [14] (0.143 g, 1.25 mmol) in 30 ml of hexane at −78 • C with vigorous stirring. The mixture was stirred for 1 h at this temperature and then allowed to warm to ambient temperature, at which stirring was continued for 12 h. After filtration and washing the residue with 10 ml of pentane a clear yellowish solution was obtained. The solution was concentrated to a volume of about 20 ml and was kept at −25 • C for 1 week. 0.19 g of colourless crystals (most of them hexagonal prisms) was obtained from which the mother liquor was separated with a canula. Yield 20%, decomposition above 160 • C. NMR spectra were recorded in predried C 6 D 6 (K/Na alloy) on a JEOL JNM-LA400 spectrometer. 1 H NMR δ = 
